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6.4 PuikEE{Z A - OPA191

OPA191
Hpgkr() D (SOIC) DGK (VSSOP) DBV (SOT) BpY
8 5l 5 5|/
Roua 4 IR 115.8 180.4 158.8 °C/W
R0 yc(top) SR AT (TIEL ) #BH 60.1 67.9 60.7 °CIW
Rous 45 25 L PR AR A 56.4 102.1 44.8 °C/W
byt LRSS S ) 12.8 104 1.6 °C/w
b B 255 R IE B4 55.9 100.3 4.2 °CIW
R yc(bot) SEEHT (JRED ) ANid A& ANiEH °C/W
(1) BAXREIARIBHRNEZEE , WS FFHEAIC HEEHAEHRRRE , SPRA953.
6.5 AMEREE R 1 OPA2191
OPA2191
Hpgbr() D (SOIC) DGK (VSSOP) BpY
8 S|H
Roua 45 BB AE 107.9 158 °C/W
R 0 yc(top) LEE AT (TR ) B 53.9 48.6 °C/W
Rous 45 25 L PR AR FABHE. 48.9 78.7 °C/W
byt 4 B THARRFE S 3L 6.6 3.9 °C/W
L S5 L URRIE B4 48.3 77.3 °C/W
R0 yc(bot) SiRH % (RER ) P ANiEH ANiE A °C/W
(1) BXHIARISIRIOTE LML, | WS LG IC HEHAIEHPIARSE , SPRAIS3.
6.6 #ERE(EE - OPA4191
OPA4191
#agkr() D (SOIC) PW (TSSOP) RUM (QFN) Ay
14 A EH 16 4N 5] B
Roua S BB AE 86.4 108.1 33.0 °C/W
R 0 Jc(top) GEE AT (THER ) 4B 46.3 26.3 25.1 °C/W
Rous 45 28 P P AR A 41.0 54.4 11.6 °C/W
YT 45 TARFE S 3L 1.3 1.4 0.2 °C/W
L 25 L ARURRIE B4 40.7 53.3 1.5 °C/W
R0 yc(bot) EEI (JEH ) $BE A& AiEH 26 °C/W

(1) BAXRMEPIRRHELZEL |, WS W EEERIC HEHIFHRAIGS , SPRA9SS.
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% VR B/ME SR BOAM| e
RIFRE
+5 +25
Vg = +18V Ta=0°C % 85°C +8 +75
Ta = -40°C & +125°C +10 +125
(V+) - 3.0V<Vey<(V+) - 1.5V S ) i AU
e +10 +50
Yos AR &J::\?Y)— 15y Ta=0°C % 85°C 125 e
Ta = -40°C % +125°C +50 +250
OPA4191 (RUM. PW) , Vg = d *50
+18V Ta=0°C & 85°C +10 +475
VEM = (V) - 1.8V TA = -40°C % +125°C +20 +740
Vg =18V, {LIR D fil PW #3& Ta=0°C 7 85°C =01 =08
Ta= -40°C & +125°C +0.15 +1.2
dVos/dT | i N1 RS Vg =18V , (U RUM. DGK f1 |Ta=0°C % 85°C +0.1 +0.9| pv/eC
DBV 3 Ta = -40°C % +125°C +0.15 +1.3
Vg=#18V, Voy = (V+) - 1.5V |Ta= -40°C & +125°C +0.5
PSRR FLURA ] L Ta = -40°C & +125°C +0.3 +1.0|  pviv
SN E IR
n , 5 +20| pA
o VR Ta=-40°C % +125°C 9| nA
+2 20| pA
los MK TaA=-40°C % +125°C 2| nA
Ly
(V-)-0.1V<Vy<(V+)-3V f=0.1Hz % 10Hz 1.4
En N L g uVpp
(V+) - 1.5V <Vgy < (V+) + 0.1V |f=0.1Hz % 10Hz 7
(V-)-0.1V<Vey<(V+)-3V = 100Hz 18
e 0 N A - Tk 15 V=
f= 100Hz 53
(V) = 1.8V <Vou< (V) + 0.1V 9
in N EL A R e f=1kHz 1.5 fA/ v Hz
BNHE
Vem A R v- )0_’1 (V+)+0.1 Y,
2/\/37 )118(\)/.1’V <Vem < (V+) - 3V 120 140
S 2/\/87 )i:?/\éM’ <o - v Ta=-40°C % +125°C 14 126 .
Vg =#18V, 96 120
(V+) - 1.5V < Veu < (V+) Ta=-40°C & +125°C 86 100
(V4) - 3V <Voy < (V) - 15V 2 DU
LN i K7
Zp 5y 1001] 1.6 MQ || pF
Zc Fep 1]16.4 101:':9 I
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6.7 B4%E - Vg =24V = 18V (Vg =8V = 36V ) (continued)
fE Tp=+25°C , Vom = Vout = Ve/2 , R = 10k Q HIERE Vg/2 MEAF T ( BRAESE B )

2% WA ‘ B/AME JAE BAE|  Hfr
iEZ: - E
Vs = 18V
(V-)+0.6V <Vg<(V+) - 0.6V, 124 134
RL=2kQ
Vs = 18V
(V-)+0.8V<Vp<(V+) - 0.8V, 124 134
R =2kQ , RUM
Vs = 18V
(V-)+06V <Vo<(V+) - 0.6V, |Ta=-40°C & +125°C 114 126
PREL R 25
o TR Vg = +18V
(V-)+08V<Vo<(V+) - 0.8V, |Ta=-40°C & +125°C 114 126
RL=2kQ , RUM %%
Vs = 18V
(V-)+0.3V < Vo< (V+) - 0.3V, 126 140
RL=10kQ
Vs = 18V
(V-)+0.3V<Vo<(V+) - 0.3V, |Ta=-40°C % +125°C 120 134
RL=10kQ
P& LA
GBW FA A 54 AR AR 25 MHz
T 75
SR R Vs =18V, G =1, 10V )ik i Vis
LA 55
Vg=#18V, G =1, 2V ik 0.7
% 0.01% , C_ = 20pF
Vg=+18V, G =1, 5V [k 1
ts v i) s
: Vg=+18V, G =1, 2V itk 1.8
i% 0.001% , C, = 20pF
Vg=+18V, G =1, 5V |tk 37
. p—— Ve x Gy ML A S TR 04 .
OR EANKE I [0 IN =Vs —
I E IE B YE B 1
THD+N | Sk IL + M G=1,f=1kHz , Vo = 3.5VRus 0.0012%
o OPA2191 il OPA4191 , TEHI F 150 dB
OPA2191 Fil OPA4191 , f = 100kHz 130 dB
Lo}
TfE 5 15
IEFLER R_=10kQ 50 110
v ST ENR RIS Ru= 2k 200 001 v
o =
& Tt 5 15
Sy RL=10kQ 50 110
RL=2kQ 200 500
Isc JE G L Vg = 18V +65 mA
CL SRR EERMATE
Zo PAEZ: oY EEq f=1MHz , Io = 0A , iEZ: [ “ JURIRRME” 700 0
IR
140 200
la FABORABHFEBRR  |lo=0A - HA
Ta= -40°C & +125°C 250
RE
it AR 180 c
IR i 30 C
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6.8 B IS 1 Vg =42.25V & #+4V (Vg =4.5V £ 8V )
7 Tao=25°C, Vom = VouT = Ve/2 , R = 10k Q HIEHEE Vo/2 HIEHTFIE ( BRIERH W )

¥ R BUME SR BoRfi|  fafr
RIFRE
+5 +25
Vg = #2.25V , — N
Vey = (V4) - 3V Ta=0°C % 85°C +8 +75
Ta =-40°C & +125°C +10 +125
(V+) - 3.0V <Vgy<(V+) - 1.5V S D
+10 +50
Vos N K L Vs =43V, : bV
Von = (V4) - 1.5V Ta=0°C % 85°C +25 +150
Ta =-40°C & +125°C +50 +250
+1 +
OPA4191 (RUM. PW) , Vg = 10 +50
+3V Ta= -40°C & +85°C +90 +475
Vou = (V#) - 1.5V Ta= -40°C & +125°C +150 +740
Vg =#2.25V , Voy = (V+) - 3V, Ta=0°C % 85°C +0.1 +0.8| pv/°C
{XFR D Al PW $23 Ta= -40°C & +125°C +0.15 #1.2| pv/eC
dVos/dT | i N i v S Vg =12.25V , Voy = (V+) - 3V, |Ta=0°C £85°C +0.1 +0.9
{XFE RUM. DGK fil DBV %3 Ta =-40°C & +125°C +0.15 #1.3| pv/eC
Vg =225V, Vgy = (V+) - 1.5V |Ta= -40°C % +125°C +0.5
PSRR IR0 L Ta= -40°C & +125°C, Vgy=Vg/2 - 0.75V +1 pvIiv
N E IR
+5 20|  pA
| i\ B A
B " " TA=-40°C % +125°C 9] nA
+2 20| pA
los N K FLIA -
TA=-40°C % +125°C 2| A
Ly
(V-)-0.1V<Vu<(V+)-3V f=0.1Hz % 10Hz 14
En N L g uVpp
(V+) - 1.5V <Vgy < (V+) + 0.1V |f=0.1Hz & 10Hz 7
Vo101V <Vgy<(V+)-3 f=100Hz 18
-)-0.1V< <(V+)-
LIPNGENE i3 - 1= Tz 1 V/ v Hz
e ] s I 75 %85 n z
" w " f= 100Hz 53
V+) = 1.5V < Vgy < (V+) + 0.1V
v om < (V) f= 1kHz 24
in i\ R g P 2 f=1kHz 15 fA/ v Hz
BARE
Vewm LA Y (V- )0’1 (V+)+0.1 Y,
Vg =225V
(V-) - 0.1V <Vgu < (V+) - 3V 9% 10
Vg = 2.25V
o )+< v5 S e - s Ta = -40°C % +125°C 90 104
CMRR | Sl com dB
Vg = +2.25V 96 120
(V+) = 1.5V < Veu < (V+) Ta =-40°C % +125°C 84 100
(V+) - 3V <Vgy < (V+) - 1.5V T2 ] MR
LN i K7
Zp oy 100/ 1.6 MQ || pF
” 10130 ||
it
Zc Fp 1116.4 pF
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6.8 B 4%E : Vg =2.25V & #4V (Vg = 4.5V = 8V ) (continued)

fE Ta=25°C, Vom = VouT = Vs/2 , R = 10k Q HIEREE Vg/2 44 NS ( BRIERE B )

E =8 WA ‘ BME SR BAE| B
FFERIY 2
Vg = $2.25V 110 120
(V-)+0.6V<Vg<(V+) - 0.6V,
R, = 2kQ T = -40°C & +125°C 100 114
Aol Rl Vg = 4225V | 10 126 ®
(V-)+0.3V < Vg < (V+) - 0.3V,
R, = 10kO T = -40°C & +125°C 106 120
SRR B
GBW B B R A AR 2.2 MHz
TR 6.5
SR iR Vg=$2.25V, G=1, 1V Hi ik Viys
Tt 55
M EE 57 HE 0.4
tor ot BRI (1] ViN*x G =Vsg JTET e e r— ] s
‘ OPA2191 il OPA4191 , EH T 150 dB
ot OPA2191 7l OPA4191 , f = 100kHz 130 dB
s
Feti# 5 15
IE L JESL R_ = 10k 15 110
R, = 2k© 60 500
Vo P RS I o B A2 — mv
T o 5 15
LI RL =10k 15 110
R = 2k© 60 500
Isc S I Vg = £2.25V +30 mA
CL BN BB T2 i) L B R
Zo TE 246 H B BT f=1MHz , Io = 0A , &S “ HLAIKEME” 700 Q
YR
P _ 140 200
lo BAMKBRIOEARR  [lo=0A T aCE T ol A
BE
ot AR 180 °C
PR 30 T
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6.9 SLAVREE

Tao=25°C, Vg =118V, Vey =Vs/2, RL = 10kQ Hi#E#EZE Vg/2, H C_=100pF ( BAEBHE UM )

#* 6-1. BE
BB [E
I 1 o R A 4y A 6-1, Kl6-2, K63, K 6-4, Kl6-5, Kl 6-6
A R S 4 67, 968,
e I 5 IR E o 5 R K 6-9. 4 6-10
R L 5 34 L FE 1 155 B B 6-11. [ 6-12
K HLU I 5 B B 5 K 6-13
BRI 25 AR B 5 350 ] 16 2 & 6-14
HLER 18 25 FATL o7 5 A0 1] 1) 5 R K 6-15
MR L LA S A P P 5 i 6-16
AR B2 LR 5 R 4 K 6-17
At o PR A S5 e R D56 (A UL ) i 6-18. [ 6-19
CMRR F1 PSRR 5= [f] {2 & ] 6-20
CMRR iR a2 & 6-21
PSRR S5k E A< R 4 6-22
0.1Hz % 10Hz /= 6-23
AN Fh PR P AT 2 1 5 1 [ 5 & 6-24
THD+N b 54 R 22 R 6-25
THD+N 5t I FE 11155 5 & 6-26
s HhL A U T 4 5 K 6-27
s P S IR 1] 6 R i 6-28
FEERHE 25 SR 110 5 R I 6-29. 4 6-30
FFER 6 tH BELL 15 % ] 1 2 I 6-31
MBS S B SRR R (HEER N 100mV ) I 6-32 , [ 6-33
T AL & 6-34
] K 6-35
/MBS B BRI R (100mV) & 6-36. 6-37
KAB BRI K 6-38, 4] 6-39
FENT ] 6-40. & 6-41. 6-42. 6-43
4 PR 5 IR 11 R K 6-44
Bt U 5 4 ] 1 R Kl 6-45
AR R _E T I 6-46
AR AEIR F IR B 6-47
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6.9 HLAVEHE: (continued)
Tao=25°C, Vg=#18V, Veu=Vs/2 , R. = 10kQ Hi#E#ZE Vg/2, H C_=100pF ( AR AWM )
35 48
30 42
25 36
S < 30
w 20 Py
2 S 24
s 15 ol
£ £
10
12
5 6
0 . . I I 0 | | | |
25 20 -15 -10 -5 0 5 10 15 20 25 50 40 -30 20 -10 O 10 20 30 40 50
Input Offset Voltage (uV) Input Offset Voltage (uV)
Ta=25°C Ta=125°C
K 6-1. i B A =4y e K 6-2. 5 B AT 43 e
48 48
42 42
36 36
< 30 < 30
o @
S 24 S 24
2 5
Z 18 Z 18
12 12
6 6
0 L L L L 0 L L | | |
-50 -40 -30 -20 -10 0 10 20 30 40 50 50 -40 -30 -20 -10 O 10 20 30 40 50
Input Offset Voltage (uV) Input Offset Voltage (uV)
Ta=85°C Ta=0°C
K 6-3. i B A= K 6-4. S5 B R A=A
48 48
42 42
36 36
< 30 < 30
4 o
S 24 g 24
3 5
Z 18 < 18
12 12
6 6
0 L L L | | 0 L L | |
-75 -60 -45 -30 -15 O 15 30 45 60 75 -75 60 -45 -30 -15 0 15 30 45 60 75
Input Offset Voltage (nV) Input Offset Voltage (uV)
Ta=-25°C Ta =-40°C
Kl 6-5. <A B A2 = 4y I F 6-6. KA B R A= 4L
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6.9 HLAVEHE: (continued)
Tpo=25°C, Vg =%18V , Vo =Vs/2 , R, =10k Q Hi%E#HZE Vg/2 , H C_ =100pF ( BAEHHHH )
40 40
30 — 30
g g [
2 2 —
& 20 - & 20 —
= =
£ £
< <
10 — 10
0o Fr—r—r—r—r—r—rr—r—+—+—+—+—+—+ T 0 T T I I I I —TT
N T @ © ¥ N O A% © ® — o © © ¥ o o o <+  © @
Offset Voltage Drift (uV/°C) Offset Voltage Drift (uV/°C)
Ta= -40°C % +125°C , SOIC ## Ta=0°C % 85°C, SOIC #}%%
K 6-7. R EER S &l 6-8. K1 s liER 4 i
125 125
—— Average * 33
100) — Average + 18 /
75 = 75
z b % 2 7
2= 50 @ T 7/
% o5 \ % 25 4 \ L
s N T/ s | 1= =
= [ ————— B r— —1
g 25 _— I— I £ -25
e} | S
g O N g
= —_
< 5 \\ -75
-100
125 -125
75 50 -25 0 25 50 75 100 125 150 5 %0 25 0 2 50 75 100 125 150
Temperature (°C) Temperature (°C)
G4 4 AR
K 6-9. KA K SEERKRAR & 6-10. RARESEEEKXAR
25 250 ‘
200 T
i 15 B < 150 Transition
2 Vou=-18.1V 2 100
% 5 gﬁ 50 P-Channel Bs |
g o — S 0 4— Vg =-181V e
—— — — "Q'J‘ Bl
2 5 £ -50 /f N-Channel i ——
o) o
3 5 100 Vou =18V
£ 5 < 150
—200 v
_25 -250
—20 -15 -10 -5 0 5 10 15 13 14 15 16 17 18 19
Common Mode Voltage (V) Common Mode Voltage (V)
B 6-11. Rif R SRR R R B 6-12. RFHESIEHERNRR (BHRER )
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6.9 HLAVEHE: (continued)
Tao=25°C, Vg=#18V, Veu=Vs/2 , R. = 10kQ Hi#E#ZE Vg/2, H C_=100pF ( AR AWM )
25 160 | | | 180
20 N
140 i Open-loop Gain 135
91 12 120 l Phase %
= 100
400-.4” 5 \\- - —_ —_— \ \
g = Ty — o 80 N 45 3
I I = g \ \ 3
= - 60 ~U 2
% Rl s B ‘© NG \ 0 —
5 ° *?-. ket S 40 <. =
S o= ]
é_ -10 ,, 20 \\ \ .45
-15 0 U
N/ | o0
20 -20 i
25 —-40 -135
0 +5 +10 +15 +20 0.1 1.0 10.0 100.0 1k 10k 100k 1M 10M 100M
Power Supply Voltage (V) Frequency (Hz)
30 NMLALE
B 6-13. RIARESRIRMAKKER K 6-14. FFERB2SRIMAL
L EA S
60 1000
—G= 800
—_—G = +1 600
40 ——G=-10 :% 400
c
= ——G=-100 2 200
o =
2w AN S o
8 \\ £ 200
N 2400
0 £
\ —-600
\\ -800
-20 -1000
100 1k 10k 100k 1M 10M  100M 20 -15 -10 -5 0 5 10 15 20
Frequency (Hz) Common Mode Voltage (V)
B 6-15. M SR AR R 6-16. MW E B
=P CEREES
0 20 ‘
9 — :2 18
8 ) 16
< i
=7 i s 14
§ 6 i 2 12
3 s i =
2 ,'f:'l ?? 10
o 4 7 3 s
g3 i 3 s
=2 o|— 20c
/ — 25°C
1 / 2 85°C
0 — 125°C
0
75 50 25 0 25 50 75 100 125 150 0 2 20 o0 80 100
Temperature (°C) Output Current (mA)
E A=
B 6-17. S ARE R S5ERER X R B 6-18. iyt B IR
S f AR PSS
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6.9 HLAVEHE: (continued)
Tpo=25°C, Vg =%18V , Vo =Vs/2 , R, =10k Q Hi%E#HZE Vg/2 , H C_ =100pF ( BAEHHHH )
° — —40°C 140
2 —25e g 120
4 85°C Py N
— 125°C =
< -6 &“ 100 \
- s
S -8 5 g0 \
P o N
S -10 5 \
= 60
3 -12 3 I
£ g N\
O -14 - 40 [ ——CMRR N
[}
6 E +PSRR \\ A
-18 S ——_PSRR
0
-20
0 20 20 o 20 100 01 1.0 100 1000 1k 10k 100k 1M  10M
Output Current (mA) Frequency (Hz)
HERR
B 6-19. %yl B FEIEIE &l 6-20. CMRR 1 PSRR 53 Fl 1< &
S B R
< 10 T T T T T 5
s 8 |- Vg=%225V, (V-) <Vgys (V+) -3V /,/ % 4
:%' 6 ~h_ E 3
[ =
c 4 ~F= — 32
S 2 81
[$) - b -
g 9 - 30 -
2 X g
g 2 Vg=#18V, (V=) £Vgys (V+) -3V 5'1
S 4 g -2
c n
g s g
g ® s
-10 5
75 50 25 0 25 50 75 100 125 150 75 50 25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
& 6-21. CMRR SR EHK* % & 6-22. PSRR SR & KRR
100
N
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, T
z
2
b
2
2 8
> @
< 5
g 3
3
3 \
b4
(4]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, g
S 10
1 10 100 1k 10k 100k 1M 10M
Time (1 s/div) Frequency (Hz)
&l 6-23. 0.1Hz = 10Hz &5 B 6-24. 1\ LRI AT B SR M K R
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6.9 HLAAEM: (continued)
Tao=25°C, Vg =18V, Ve =Vs/2 , RL = 10kQ Hi#E#HZE Vg/2, H C_=100pF ( BAEFH UM )
1 40 0.5
S — — —G=-1,2kQLoad S = — G=-1VN,R.=2kQ G=1V/V,RL=2kQ
< — — —G=-1, 10k-Q Load g = — G=-1V/V,R.=10kQ — G =1V/V,R_=10kQ
& G = +1, 2k-Q Load = @
2 0.1 60 @2
° G = +1, 10k-Q Load = v 2 0.1
+ == 3
== S + f
S o0 =27 __—1 g 3 5 N ]
= : = o = ~ =
Pl N =]
a = Q L ™~
o 0001 = 100 & 8 001 == Jl
5 == 7 < =
5 z £ I
T 00001 E— -120 3 s y
] e = ’
= 0.00001 140 & g 0.001 \ i Ee=s
20 200 2k 20k 0.0005
Frequency (Hz) 0.01 0.1 . 1 10 20
Output Amplitude (Vgums)
6-25. THD+N 5 i R N
A THEFRIRA & 6-26. THD+N SiHiBERIIX R
200 ‘I i i i i i i 200 ‘ ‘
180 ‘I‘ﬁ Vg=1225V — Vg=+18V 180 i i
160 160 Vg=+18V
< < o ===
2 140 2 140 — |
= = Vg =42.25V
& 120 ’ g 120
= =1
3 100 ’ g 100
5 80 ’ 2 80
%] [0}
£ 60 3 60
° 4 , 40
ool 20
0
0
o 2 4 & 8 10 12 14 16 18 20 75 -50 -25 0 25 500 75 100 125 150
Supply Voltage (V) Temperature (°C)
F 6-27. @A RN S BEIREERKXR E 6-28. BAHRSRERIIRXER
5.0 5.0
4.0 4.0
3.0 3.0 .
2.0 - 2.0 Vg=+2.25V o4
_ Vg= 1225V e . 4 | —
s 1.0 T a1 | 2 1.0 —— 71 | 1 1
= 0.0 == 7‘- = 0.0 =r A
<10 Vg=#18V < -1.0 Vg=118V
2.0 2.0
-3.0 -3.0
-4.0 -4.0
-5.0 -5.0
75 -50 -25 0 25 50 75 100 125 150 75 -50 -25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
R =10k Q R =2kQ
F 6-29. A SEERIFIR R F 6-30. TR SR ERIR R
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6.9 HLAVEHE: (continued)
Tao=25°C, Vg =18V, Ve =Vs/2 , RL = 10kQ Hi#E#HZE Vg/2, H C_=100pF ( BAEFH UM )
100k 60
—RISO =0
\ 50 | —— RISO =25
——RISO =50
\
10k < 40
— pot o~
g g 5 T
© N i B 7
| > .
1Kk ™ O 20
10
100 %10 100 1000
100m 1 10 100 1k 10k 100k
Frequency (Hz) Capacitive Load (pF)
G=1,100mV % Frik
F 6-31. FFER4arH FELBT A 6-32. /M S
SIERKRR S MABAIMRE (100mV FiHEEL )
20
—RISO =0
——RISO =25
——RISO =50 —
2 3
4 ©
8 g
© 3
>
/_\
0
10 100 1000
Capacitive Load (pF) Time (50 ps/div)
G= -1, 100mV %iH ik
B 6-33. /M Sty Pl 6-34. FEARALIFE
ERERBARIRA
S =
= )
?_; — Negative overload | o E
8 | — Positive overload |~ ! o
,,,,,,,,,,,,,, |
Time (2.5 ps/div)
Time (us)
Vg =18V, G = - 10V/V G=1,C_=10pF
K 6-35. LK E K 6-36. /M SR R
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6.9 HLAVEHE: (continued)
Tpo=25°C, Vg =%18V , Vo =Vs/2 , R, =10k Q Hi%E#HZE Vg/2 , H C_ =100pF ( BAEHHHH )

20 mV/div

Time (2.5 ps/div)

G=-1,R =1kQ , C_=10pF
B 6-37. /ME S B kIR

2 V/div
—
I~

Time (2.5 ps/div)

G=1,C_=10pF
&l 6-38. Xz 5 HrE ML

2 V/div
/
—w\\\

Time (2.5 ps/div)

G=-1,R =1kQ , C_=10pF
& 6-39. X5 SHrERmINL

Output Voltage (200 pV/div)

== (0.01% settling = £200 pV

,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,

fffffffffffffffffffffffffffff

Time (500 ns/div)
W =1, 2VIEL, L7, t=0us Wt INRT R
& 6-40. 0.01% #& 32 i [A]

Output Voltage (200 pV/div)

o | = (0.01% settling = +£200 puV

rv———
|
'
'
- - r - - - - r - -
'
- - - - - v - - - - -

Time (500 ns/div)
M35 =1, 2V R, FFE, t= Ops I HEANKEE
& 6-41. 0.01% Fa5E W8]

Output Voltage (200 pV/div)

o . = (.01% settling = £500 puV

Time (500 ns/div)
Wags =1, 5V BER , BJF, t=0us BN R
& 6-42. 0.01% F& & Al
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6.9 HLAVEHE: (continued)
Tpo=25°C, Vg =%18V , Vo =Vs/2 , R, =10k Q Hi%E#HZE Vg/2 , H C_ =100pF ( BAEHHHH )

100
= g 80 lsc, Source
5 —
> = — T
5 & T T
g s ~ T
o g lsg, Sink
8 é 20 sC \
= (&)
= <
— o
] £
=3 @ 20
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0
-75 -50 -25 0 25 50 75 100 125 150
Time (500 ns/div) Temperature (°C)
Ha=1, 5V IER , TR, t=O0ps BEINETER
&l 6-43. 0.01% F e A B 6-44. SEB IR SEERR R
35
Maximum output voltage without : : :
30 slew-rate induced distortion. _ Overdrive = 100 mv
_ Vg=+15V \ B X
£25 3 e
F ¥ 2 2 =
[ hal ton = S
g2 g Puiliaiay g
3 ]
> 15 3 \
= \ ; Vour Voltage
810 [— Vs=x4V \ §
5 | A\
Vg = 4225V ™N
0
100 1k 10k 100k M 10M Time (10 ps/div)
Frequency (Hz)
I 6-45. BAHIH B R SHEE AR &l 6-46. {LHBIER LA

oHL = 26 ps \\ % Vour Voltage

Output Voltage (10 V/div)

Overdrive = 100 mV

Time (10 ps/div)

B 6-47. AAHB5EIR TR
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7 ZHENERE

71 BN RS B EER

OPAX191 RANIZHBURAFIA TI 19 e-trim 2 FRURARFARGIE M K. e-trim EEBRIRE AL TI LH W —FrE
s 1R 4 A A B B AR TR PN S5 A S 0 T v o R AN TR 28 AR i N 5 1R L R RN N SR 1 fE TR Y A A A 7
R, MR AT BEIR /N 5 4 N 2 1 H o RN i N 9 1 B TR VRS A D AR 225 o FE TR 4 N 2% L R TSRS I, A
U LR GE R RS R E AR 2. B’ 71 T XS

— Vs before trim
—— Vpg after trim
\ Linear component of drift
N —— Linear component of drift
(9] \ p
j=))
8
g N
3 ~
5 N
—
E <
o
£
\
Temperature

& 7-1. BERAART SRR

B 58 A N VR PR SR B — i I T VR R M 777200 RT3 e 2 R ) Pl s 5 i PR 1) 5 2% ol 0 I A A P 1t i AL
(R Ff R AL S AN IR, T E TR AS o EEHAE A0S A1) HRIE LR A0 B T AN R R IE R . [ 7-2 iR T HE
TS . SN RIS LR A T 5 B, HED U &R, (H2 , KDy OPA191 RFIRM TI i e-
trim 18 5O AR SR L BRI KU i RS R Z A ) B DAAEAS B AT 1R 22 0 A I AR R I AN =2 e ) 5
%. K 7-2 8o 7 30 LAY OPAX191 ot , [FIRF &N 1 HED i DAE Ui B o MERIL SR sty x il e TR Vi
ATy b 10 5 ] — P2 e L PR e K S A N R U P IR DR o S PR E 7795 T ) B N R P A% 9 0.9uv/°C. T
7-2 P, SR N R R i ] 5% 2R 2 AR R BUR ITHE 77 32 Tt P BB 22 0 HEDT R TI A4 Bme KH
NRIFREERE R, B ASERAT IR ZE T I AN BUR 2T

Offset Voltage vs Temperature

100

75

50 /
7

54— /‘4‘:
0

\\
o5 === ‘\\?\ 7
e
L~

Offset Voltage (uV)

-50

-75

-100
-50  -25 0 25 50 75 100 125 150
Temperature (°C)

B 7-2. HE T

A PSR 7R T ACHE 7 R M) B B N % A%, ISt A2 T B4 A\ SR U i IS SR (AL SR R RbR . XS
THER NS S SR L ()R R R RS ST SRR A A . OPAX191 R4 4s Ranl& 7-3 Fir.
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1.2

0.9
—
0.6 —

0.3 r

O 1

-0.3 =

-0.6
-0.9 30

Input Offset Voltage Drift (uV / °C)

|
-1.2
-75 -50 25 0 25 50 75 100 125 150

Temperature (°C)

B 7-3. MIANRAREEB SEEEKXA ( SOIC #3 )

W 7-3 i, /£ - 40°C % +125°C JRVEH A, M NIRENE R /N T 20.3uV/°C. FE AN EUE il L Vi Bl AT %
ZEPHTI | VEIEIR A THF MR ITA |, AT SR FUT R RS ) S R B K . RN R EE A, AR BT
RSN, EHE 7-3 R EE . ERE AR RN, WHHTTER 1

AVpg = AT x dVog/dT (1)

7N EF‘

* AVpg = BINKIFHEEL

o AT = REAM

® dVos/dT = BN KR RS

filan , #fe 25°C #| 75°C HETERIN 10 (68%) HyG) OPA191ID i N R R E . WK 7-3 i , BN
TRELEE A 0.25uV/°C. IR N IRV S B 4 N S LR {8 (75°C - 25°C) x 0.25uV/°C = 12.5uV.
T30 (99.7%) ¥t , K 7-3 SR A NIRE LN 0.75uV/°C. A IR 5 35 i 78 (i N O TR H R AR 1k i
N (75°C - 25°C) x 0.75uV/°C = 37.5uV.
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8 4N
8.1 fifid

OPAX191 #51| e-trim 12 58K &8 Fl dab e il 7532, A2 2B AR A T 202 )i ) i i 1) 366 20 B v S T 2R 1 A 2R A L
FEEERS o 1ZTTIE IO IR BE LI/ T [ SN i (A A DL T PR 52 e R 2 iR R I R rp 5N AR 22 0 FE B 52 IR
B R IAT I AR TN, R DO B NI R — AR IR, R 58 S 2 IR R A O .

778.2 wx T OPAX191 [ R = &

HUMER) e-trim i@ S8R A, OPAX191 A A 3R A5 FI RO XUIR FE ORI R 450, R BUE IR TE I NS T
AR AR A0 % 1R P T AT P TR AR TR o A B FL YR L T PR X G BE /KT A A5 X S FEOR 25 AR & - i BEL BT ol A% JK

ey YRR AN R R AR

b
8.2 IRe T HEE
OPAXx191
NCH Input
Stage
"
IN+ B
36-V High
Differential Slew Capacitive Load Output
Boost ) Stage
Front End 00S| Compensation
IN—

— +

Stage

I

PCH Input

I

I

e-trim™

Operational Amplifier
Package Level Trim
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8.3 ReME Ui A

8.3.1 A\ RI %

OPAX191 i FH ARy 1) A A 28 G5 F R BRI R A ORI AR I 755K, (EAEBR ST R T Uh e s 6l S A4 A IR -
AT DA S PR e A B R ORI 1] 8-1 F s MR A B (R TT R, Bl TR AR, XK SIAGES
REANFEEM FIER , WlEl 8-2 from. W TARME ai i | X e bRId A A Fy A5 5 11170 i B TS X0 AR = S 2
NN, 2 T ARG E I R E K

V+ V+

VOUT T VOUT

36V OPAXx191 ~0.7V

Vin-
) V- ' ) V-
OPAx191 Provides Full 36- Conventional Input Protection
V Differential Input Range Limits Differential Input Range
& 8-1. OPA191 FNRIAIRBIZ D HANRES
r—————-=-=== !
| v,=10V Reur v | g, Ron_mux \TCG) D @ @
I AV ——O — VW O —O—
| _L | _L (-4----] === 10V e > ~-93V
Crir Cs ! |
! 1 1L TG |
l = = L i
= _
I Voii==10V Rer -10V I Sh Ron_mux l @ } } T *
| MA——p———O—— 14— W\ o0—o0 | |
I _L ‘7T7777777:I_7 777777777777777777777 ‘ | 0.7V VOUT
[
| Crur I O Cs I ldiode_transient | Jﬁ L
| — v == VIN+|
- e T _I - -10V
Input Low-Pass Filter Simplified Mux Model Buffer Amplifier

& 8-2. WXIE R EEAEE F

OPAX191 FFI& SR & i I 2 FH SR LI IR A sy B YT 7 N BE T XN SRAG LM B S A ORI AR R A 2 5
NBONAE S R EBGERAE N 8, PO R & T 2EIE . s M AN 2 HBR % . OPAX191 |
LUK 52 11k 36V I K Z 704 (I8 HBOER K BARANAE S S I M L ), eSO E & AR A s
AT RARER I AAE SN (2 BRERBIERERS ) (ESH K94) .
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8.3.2 EMI #1

OPAX191 K HAE R FRET-HL (EMI) 83 Rk /> TE 2638 (5 W 2%« TRA (RIS S BE AN A 2 oo F 1 s 2 B Pl B AR 55
FHRUE = A1 EMI RGRE o FI)FH HLER 3 R AT LL3R 7 EMI it ; OPAX191 3238 T iX Se ¥ i oo i i . 404X
(T BETF R HAE 10MHz 2 6GHz 5 AT i ] P v Af I & A0 A2 BBOR S8 PUR EE I Th g . 1 8-3 R T X
OPAX191 HUTILIMNRAI2E B . 38 8-1 iR T 1ESEFR N A OPAX191 184 WL E A% T i EMIRR IN+ {5, 3 8-1
rF 2 AR S AT AE R BT S R SE AR s LI AUUIUR R I8 47 . Mo VEYNE B v 2 Wz B A 7519 EMI 7174 N

RS, PRI www.ti.com FEZIRE -

120

100

(=
~

/

EMIRR IN+ (dB)
(2]
o

40 o~
P
[~ — ,—-/
20
0
10 100 1k 10k
Frequency (MHz)

Pre= -10dBm , Vg =15V , Vg = OV

& 8-3. EMIRR 3%

* 8-1. OPA191 ZE H#rHiZE T EMIRR IN+

bk VA D EMIRR IN+

400MHz RBNLLS . B LA, KTHME. AR T B (UHF) M A 36dB
IR FZ 7 E A= & 4% W - /2 SR A= o E’ET > . N N by 2 Z

900MHz Engﬁf;néﬁf (GSM) FiF. TLkHilfE. Si. GPS (& 1.6GHz ) . GSM. i #a) 4548

1.8GHz GSM Riff. AN ABEhEE. e, TRA L 3 (1GHz % 2GHz ) 57dB

2 4GHz 802.11b. 802.11g. 802.11n. WH®. MABAIE. Toll. FHERIEST (ISM) BB, AT 62 dB
AR TR, S W (2GHz % 4GHz )

3.6GHz TR EN . B EA SN, TE. BadfE. S HK 76 dB

5.0GHz 802.11a. 802.11n. M7zl S MG, BaNEE. KFM LEIET. C kB (4GHz % 8GHz ) 86dB
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8.3.3 RAHMRI"

OPAX191 FF1 BA WESHIAL S EE ORI DI RE . A NS IR B 2R ML RETE I | VF 208 ROHCR B R AL R % .
Xy N\ 22 DX e IR R VS R IS, 2 3 B0 R R EE A I L. OPAX191 23k
BN TORES ; Bl , SUEE AT R A . IR AN NS S A S RBURALRE, ; M, R
RS SRR B 8-4 TR IR T IR

| N\
"/ N\
/| N\
//
NS
AN /

Time (35 ms/div)

5 V/div

& 8-4. THEIAL R 3%

8.3.4 I HARP

FEATTROR B P BB T REHS 2 S B A BBIRE (4518 ) THa. X —FLG My B #4. OPAX191 BA i #ARPThAS | ATBh
1 i B #RGdE B R

T HART ) B AR R, Wi R AR — BIREHEIEZ) 180°C |, NS¢ MHlia H MUK 24 H ik sh . i # iy am
Hl%r HHE NS BHPUIRE . OPAX191 I8 B Z) 30°C MHGE T . HGR T v Bl 1%y Y ARG IR N ALE & FHPUIRAS .

M R PR 2 20 150°C BLRES , OPAX191 Kk & IE W 1817 .

OPAX191 H4axt i K&5i N 150°C. it 77 6.1 H R FIBRE TR S R84 . 7E 180°C W &K B e B Hou %
e AL AR (BRI B DLZE S e KAUE i 4T I PRP AR Bt B b 28 F i A ok e KAE M
T A2 57 1k 384468 At 2
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8.3.5 A Mma etk

OPAXx191 HA SR LRIR M 2 |, BEREIEN KA ME D, JF AL mfcE F , W EEE) A InF iais
Diadto I 2t TG 9 HOR A5 IXEN R R K IN RE /T 16 S &) 8-5. fEME UK 82 TR R e s AT, 7 225
JE—LEPR R, AT E S SO A FRBR G B L AT R 0 A S B

(50 mV/Div)

Output

Time (2 ps/Div)
& 8-5. 1nF 2 53R T HIBE AR E B

ANV ZARIIAE R ES — | BMEAER T 100pF HAPE 3 T W& A4 — SR . AR BCH B A A R B 7 R
MR RO E N, 72 OPAX191 Hath i Bt B RC 2 RS P /b B A7 0N F P AR SRS R AT REE . 18] 8-6 B T HfE

) RC 2 HL % .
@5 Output
Input
R 619Q
C 320pF
& 8-6. HAM#E FIEH TRARSMAK RC S HE%
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ARG R E T ARSI RE ST, AT S AER , A

(10Q £ 20Q ) HFHEE Riso , WK 8-7 W , LAMCRIE M A ML SR AN RE /7. ML PH 8% T 2 25 i/ RS, [
I PRAFF AL A RO BRI RE . SRT , WA — DS HRERBOFB IR, WA A ks, e
Hh o 5N 2 1R 22 IR R GO N R IR . SIAKIIRZE S Rigo / Ry BRI | FEARS ) - 3l % w2 mg A
e EAEAERIRENE OPA191 dEHE & T AL i 4% . MOSFET Ml AKX ) & A Hi 25 57 il Ak 3h & S5 N . &) 8-7
T B LR ] Riso SRARE I8 HBCR AR 0 H o Rigo B0 7 REEAIIT I a8 , BRI BE 06 7 oK B A 2 443
JEo 3 8-2 s A OPA191 ML R . A A8 ik i B 2E AT DAL AN BETH OB T B oAt A5 2, T ke o e it
TIPD128 - /A7 8 1 i 72y H 2892 WY 75 1 5 e 5y 225 iV 1 Se BTt AR AT ik 45

+V
s Vout

—_ Riso
+

Cioad
Vin -VS ;E oa

& 8-7. f#Fl OPA191 ¥~ B A M A HRIKF
F 8-2. [ FIRE B HBHAH) OPA191 Bk F BRI AR T R HE RN ELE R E

SH 18
AR, 100pF 1000pF 0.01pF 0.1uF 1uF
MO BE 45° 45° 60° 45° 60° 45° 60° 45° 60°
Riso (Q) 280 113 432 68 210 17.8 53.6 3.6 10
PERLH (%) 23 23 8 23 8 23 8 23 8
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8.3.6 JLAEH KT

OPAX191 £&— 36V ME IEF B P NS HBCNE , Hi AN RE AR — IR AN T 100mV. th3E
P I I AR N JETE R PO TE 22 2 F A SCEL G 8-8 Fram. N VATE XTI 1E ISP A N FUE A &L
EHE T IERERE(V) - 3V & 100mV o 45\ HLE ST R I HUE 100mV $ K4 (V+) 2 1.5V i, P 3@
TEXNHW. E—NMEFENT (V+) 2 3V 2| (V+) 2 1.5V Z[EF/NER XA, I RARTERE TiESPIRES . b
e XSl T AR IS A RS . Ry, S5EZXEsMNE/TMHE , PSRR. CMRR. KRR E . T, B Al

THD PERER RE 2 T %

+Vsupply

VIN-

| FUSE BANK |

|
7
|

7
(99 00| {0990

VOS|TRIM  VOS DRJIFT TRIM

& 8-8. HEBIHIA L

NS BV AN TROR & B eV e, MR AT B e 4 X 4. OPAX191 X N GHIE A P i [X Al i
RO o BEEORAE IR H P RORAR T ATACES A, 3 BN R e DX (10 A2 A AT T B AN SAS e Bl Y

HIR I EAFLLECR , W 8-9 F.

P-Channel Transition N-Channel
Region Region Region
200 | | l
< 100
2
(0]
g N
S
>
kol
£ -100
9 OPAXx191 e-trim™ Operational Amplifier
§ Input Offset Voltage vs Vecm
= =200
-300
-15.0 -14.0 11.0 120 13.0 140 15.0

Common-Mode Voltage (V)

Input Offset Voltage (uV)

200

—
o
o

o

-100

-200

-300

—Vsupply

P-Channel Transition N-Channel
Region Region Region
| | |
[ oereeeeeees e —— r\\ ¢
Input Offset Voltage vs Vem
Without e-trim™ Integrated Circuit
-15.0 -140 .. 11.0 120 13.0 140 150

Common-Mode Voltage (V)

& 8-9. S B S AR AR BB IBOR AR
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8.3.7 A I#H;

BN RH 2 1) B 5008 BBOR A RS2 S R /) (EOS) (8 7 1 il R . 306 6 ] 5 (1) F 5 7E T2 F N, IR
It b iR 5| IR 25 Rt Sl . SXEEAN[R S IAID RE AR — A ShRE R At Al (1 3 3 AR il i T 2 AERE 3 5
D R 5 FL R A B P RO B BRAE . A, XSRS A B A B L OE (ESD) PRIMINRE , IR AL 2 AT AN
AR R LB AN 2 5 ESD AR RIRZI

BENS T 7> T RIZIEA ESD Hilt S5 A By SR I R E AT P i B 1S B 1] 8-10 1 fif OPAX191 il
i) ESD HERIEDR (JHELIX IR ) o ESD LRI HLEREE S A ANt 5] B % e ] pAY 0 PR 2 K 1
AR AE , Hoh AR AR E R ESD ot (BHBORASIIALERR 7> ) AAEE . IR Y FL B AE LK
I AR AR T AR BOE IR -

TVS

h

° ° OPAXx191

A

|
|

|

|

|

v | J 5
Rs . 100 Q . f
A % ! !

|

|

|

|

|

® +
> | MV — Power-Supply R,
Io | ESD Cell
VIN l

' v
| Vss

L - - - e __

[
Vs
TVS
] 8-10. L5 8078 F B S FH AR SR IR S5 F ESD FRLER
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ESD Fifh 4 amf (aldEH 5, IEAE & (#14n , 1kV , 100ns ) , 17 EOS FfF4r&emf i | R EAR ( Bl |
50V , 100ms ) . ESD —#& 1T H T 4 ESD R4 ( EP7EAR{F 3R 3] PCB L2 arnudHE . WA A7
Bt) . £ ESD M , ESD {55181 ESD Sift WL IB4A I (518 ESD HIFEHER ) . ESD W H
B IR — AN A RIKT .

RO IX A AT AN T H B AR R U L R, (E A AR O, S SR IR AR IR . B S H R 0 S
(TVS) W R TR 1L Bk N ESD FAFId b KT I ESD WU H % 1717 S B0 FaR o Ad 38 24 A BR VA FELFEL AT TVS — K
B o d P B ESD AR SR T I EOS FHA:.

8.3.8 THIKE

R HE A 58 SR I8 SRR A A TRATCRR 25 P 52 80 2 PR A P 7 AR 80 o 22 v s el T v A\ R B 9 2
TR AUE TAE R |, 18 SO S I % 2 NTRT X o SRRt NABATIX S, %t 2800 o 1 Fh s 4 75 )
(AL A B2 AR A o 2 FE AT BOACIR [P B ZR MR AS I, SRR TT 00 AR 8 I I SR At AT Fe . DRI, S 38T (R AR R
IR AT B SR [ 5 2 I ] P A

8.4 B ThEEAE

OPAx191 A H—I)feil , A/ &R T
4.5V (£2.25V) it T/E. OPAX191 5k HLIE HLE A 36V (218V).
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9 SRS

#IE

PR RLFTR 43 o 145 AR T T1 38R Ya L, T AR ILAERR A e . TI % N5 S
SR IE T IS . 2P BRI , AR R TIRE .

9.1 MAfER

OPAX191 RHIEA H O EIRUR FERAZ MM AE . IXEL 38110 LAE H K I8 36V, FRER M BLIE LB P N\ /i H
RS R . SR s R IR EE DL

2MHz 5 TE A W S B KB . X e Al OPAX191 flioh 1 — 3 F -1 i | o oMb S FH i R 1T vl S8 1) v ik g i
N N

9.2 HLEI N F

9.2.1 fi& M B 7 &

9-1 SR TR HE YL B S FH PR E L ) OPA191. 5551 9-1 H AR BRI 52 B0 b, R ES . 115, B
FOEEE | 1550 TR 21T TIPD129 - 0A F 1A L i1 J7 fICI i )i [ AR 1 77 5

Vee
LOAD 56’
>~ OPA191
>———O Vour
.lf%%
LOAD m!
LM7705
Rr
360 kQ
AN

Re f7.5 kQ

F 9-1. %A BE Y2 2R BLFH H i1 OPA191

9.2.1.1 #i/-ER
BB ESR IR

o FEHIR  0A = 1A
o HiHHIE 4.9V
o AAUHEE - 100mV
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9.2.1.2 JEH 11 IiiE

K 9-1 LA R B R 2 Fios
Vout =lLoap *Rsnunt xGain (2)

TR (Ioap) I FBFELES (Renunt) BB IR R, BRI E Y 0A & 1A. N T fERCK BRI T REF
P EART 100mV , 5 FEaK 3 HE T FeR it L P

V.
SHUNT _MAX _ 100mV —100mQ

lLoap max 1A 3)

Rshunt =

R 720 3 tFE I Repunt N 100mQ. | oap A1 Rspunt 7745 1 B B B OPA191 J8OK |, AT = A2 K% OV
2 4.9V M. OPA191 77 AL 0 Bk i e IF B 75 38 R4l A2 4 BB

(VOUT_MAX - VOUT_MIN )

Gain =
(Vin_max = Vin_vin) @)

TR 4 TR T2 49VIV , ZAE I HPH2E Ry Al Rg W& . J7fER 5 TR IS Re Al Rg 1Y
KN, T OPA191 [ 354 B 9 49VIV.

(Re)

Gain=1+
(Rs) 5)

¥ Rp %9 360kQ I |, Rg iHE S HI A 7.5kQ. Rp Al Rg #ik 5E A 360kQ 1 7.5kQy , K] Ay AN A2 A v A1 He B
B, AR 491 IELR . AT DUE R A EA 49:1 LR AL EIEES . B 2 BoR T K 9-1 s s I AL

9.2.1.3 WA H 26
5 / 0.1
4 /,/ 0.08
— / [y s
s 3 T 0.06 -
§_ / t}%, //"'f
3 2 // 2 004 e -l
1 0.02 po]
0 0 Pt '/’N
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
ILoap (A) ILoap (A)
B 9-2. AN H YRR BIAE 1% pRi 4 & 9-3. {&M BRI H R RE
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9.2.2 16 fiiEEZ R EHBIERERS

K 9-4 SR T 16 £, 4 Wi ZE) ZIEHBEERERS . %ot 0T 75 B8 5% B A EZ 0N TR .
B S T — AN 16 A2 400kSPS i@ ifs Y s BH (SAR) %44 2% (ADC) ADS8864 , it i [l 7 — M %
JEAS S AT AT I A — S 4 @IE 2= 2 e E A . R R R T IEE 8 OPA191 F1 OPA140 RARALAE % s &
A DK Bh FL B I R, JFHA AL ADS8864 KsLHL i (L sh A MERE MM . B &I , & TI K& &
TIPD151 - &/ 7 E /5 A 16 fi7. 400kSPS. VUil % 5 5 JHH 7L Z 2

© ® ® ©

Very Low Output Impedance High-Impedance Inputs Attenuate High-Voltage Input Signal Attenuate ADC Kickback Noise
input-Filter Bandwidth No Differential Input Clamps Fast-Settling Time Requirements Vger Output: Value and Accuracy
Fast Settling-Time Requirements Stability of the Input Driver Low Temp and Long-Term Drift

: : i
> ¥ \ : : v
H H Voltage N N
o »—'\N\,—l— CHo+ ; 5 moonage  1H reFiter R Fitter |
1_0-kHé OPA191 \ v
Sine Wave A I - Reference Driver
- Gain Gain
q VVV I CHo- OPA191 Network Network
OPA191 I +
= 4:2
Mux
- REFP
= + OPA140 Vine
'#Vvv—f CH3+ OPA191 + Antialiasing
+20-V, Filter SAR
10-kHz OPA191 —_ ADC
Sine Wave I
n — Vinm
W V—f CH3- CONV
OPA191 = "
I n /
/
= 16 Bits
. ) High-Voltage Level Translation 400 kSPS
High-Voltage Multiplexed Input
VCM
Voltage
OPA350 Shmid
VCM Generation Circuit | midtt | |
7n4 Counter Trigger Delay
R
‘ Digital Counter For Multiplexer
Fast logic transition

& 9-4. OPA191 F-T 16 fiL 400kSPS 4 BIEL HEFAHERERS , LI HBEMAMBRAE

9.2.2.1 i ER

FEHbREK 16 £ 400kSPS it &) ADS8864 FH Tl fs 10kHz 2B 1EZBAmA | Bt — M HEABIEH R
20V %7) 4 B2 MR MEGERERG . SR ADNPRBIH A BTHFR RO

.« RGHJERE ; 15V

+ ADC HJFHE : 3.3V

+ ADC XFfZ* : 400kSPS

* ADC #:#E & (REFP) : 4.096V

© RGMINES  EEIRIEN 10V, K (fn) 9 10KHZ (9585 R 20 S 500 NS 2 B 52 3 10 AE 2520 4
A
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9.2.2.2 JEH 1L FE

MR B H K2 st — MU R s 2 B R SRR E R G, SSELH O R G AN AT DU AR E I R ]
9-4 hzg il TR ARGUTER . R A ZEIEEERES T, i A EIER . ZHEME (mux). £
i B ISt 22 vy . FEUK SAR ADC BKahds . £ R HECT I s S5 KB G 4. %48 R 454 Se v 4 i 4
> ADC X 2 AN ETEREATRIEERFE , AT HARA R R TT 5 N T iR KR LR ks o 2 e 2 B R R 4t
fvkge , RN BB EWARR , —~MRDEEMSMABIIATR , 5T SAR ADC 3Kz)
dito (R, AAIRYE ADC PEBEMVERS o BTH R MR LB B | A RESKILAE 16 K270 B T (K PRARE T REAN
RICKRE ARG B 9-4 A& 51X A~ BRI 1Y) B 1 B2 A BRI

AV RGHIRIT R B, DOSCBL R AR A SO R ) 16 ARz e PERE DL R BN N JETE E 10kHZ 15
BNE S VR . SIS — DR T2 iR IS AR B PUM A DRSS B 2R . 1 MR ILZORAT B Tt iE
AN IEP RS AL 2 B R A, LU E ARG IAREZOR . AN E D B B s T i (AFE) , HT
FERRFFIOR AR EPE RIS, Ff i S 5 P E O R ADC SN . BT — Bk — i n , Boh
FISEIR R I 2 % T AP N GEIE . A BTt Bt — AR S B RS B |, 2R IR LT R ) REEP 2
FH R, JEHMmRE . R R

9.2.3 FARY I AR R

TR Bk R e, AR BB I R AR & SRR (7 - 38 1 4% 8] X2l Fi e () U R 20 5 (M IR R R, 73K
R & DL SIS EFPRUN B X P FRISAE RN (B R ERE T AURER ), — MM RSO N —
AN E IRASLAUL I 2 L PR SR O IR A2 R . OPAX191 Juky Ay Aan N\ OR4P M1 vt Hh P A T 438 R i 8 o SEE B R X
LR G0 IR 4R R I I I B ARROR &% . & 9-6 WURRIRAHR R M B OPA191. AR DBt IER . i R 3
K. PRHE#. PCB 3CfF. BUUAERAMIRER | S T RE it TIPD140 - 22X R GG /] — Tz 5K
Ao

| Slew Rate Limiter

R1

|
I |
I |
| |
I Veo I
| o k |
| . |
I OPA191 ! . 0 Vour
I |
I |
| |
I |

|

Vin
= - Vee R
e e e e e e e e e e e e e e e ] —_
K] 9-5. 323 (R 2345 F — Ms HBORER
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10 HJFRAEIRE X
OPAXx191 [&iE TAEHE N 4.5V £ 36V (£2.25V £ +18V ) ; LMK EH T -40°C £ +125°C M EE
Hl. 776.9 A4 T T RE2 Bl TAE B Bl R T 5 2 b I S50

CAUTION
HLR R R 40V AT BE X SR AFIE UK AU 5 RS 776.1,

01 nF S5 A S B T A0 IR G BRI, mTysb A i e 75 FL R B FELDT LR R S R IR . AT RS54
HERELHMEL , HSH 711,

11 5=
1.1 fi 16w

AT SRR TAEYERE |, NEA BP0 PCB A5 Skl , B4

o ERES ARG AT 2 [ADE LR ESR 0.1uF FRess it i ay | AN B R EFILAAIF. #x f iy
H, V+ St 2 [ A] DUR BN S5 g LA 45
- MR AT LE I B A R 1 LR S | BIATIE SEOR A8 A B A NRLDL R e o 55 I r 8 P T T D ) B DL PR S
BURFHBTHRIE |, ARG & M S
o BORN BT RN B AT D BRRR BS , [FJ I ROV R R PR o s FLE e (R DL 23 AR 20 B e
I ) BB AT R R PR R DT ke — o IR £ Z PCB i — R E E LT IMENEME . P i B Tk
e, JHE> EMI AR, SEZVEANME R | 1S W A ESH A i AT
© AT EERMG , BN ELISAT N NI A IR e R . IRR S E AN REIR RO, W BURGE LS
A W 2 3 AR A L P AT A
SMBTCAE R AL S E . i 11-2 s, i RF A1 RG SEIE SOm i A AT 5 R PR B2 I/ 25 A B
ROTREARFRIAELZ . VI © A B i B P iR UK 8 2
75 REAE B AE 2 ) B 08 XA AU SHBLOR I3 o ORI PR AT 325 /b BT AE 2 A AN A FEL 3 R P 2 I LA
FEAL%E PCB Mz Ja ot HbATimuG , IRk Re -
ARG 5 52 B R AR AT RE H K B N S i R A P REAR b . AEPAT AR PCB /KIBWEiREZ A, #5
PCB AT, LAEBRIBHERNE NSRBI PIIK . REZHBET |, GV 1E 85°C TR T 30 2 BiBl
"
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11.2 5 /Bl

VN ——— |

—e—— VOUT

fp— RF
B 11-1. REEFR
Place components close
Run the input traces to device and to each VS+
as far away from other to reduce parasitic
the supply lines
as possible |
|
|
\4 ! NC }—4
|
r T T 1 [ Use a low-ESR,
! } } } | J / ceramic bypass
| i [ [ I v+ ‘ —_T capacitor
| | |
| I I | |
! VIN ‘ ‘ ‘ +IN ¢ ———— -1 OUTPUT ‘
| | | |
N R R | O
]
L —— V- | NG | GND
|
|
|

Use low-ESR,
ceramic bypass
capacitor

& 11-2. FIFAC B ia E O 2% B AR AT R

Ground (GND) plane on another layer
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12.5 Fits

e-trim™ and TI E2E™ are trademarks of Texas Instruments.
TINA™ and DesignSoft™ are trademarks of DesignSoft, Inc.
W4 ® is a registered trademark of Bluetooth SIG, Inc.
Fr A wbR A& B TE & .
12.6 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
“ \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
12.7 RiER
TI Rk RAERI IR T ARG 17 BRI R 2 S

13 Hi. HEMEITIEE R
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

OPA191ID Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA191

OPA191ID.B Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA191
OPA191IDBVR Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZAMV
OPA191IDBVR.B Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZAMV
OPA191IDBVRG4 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZAMV
OPA191IDBVRG4.B Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZAMV
OPA191IDBVT Active Production SOT-23 (DBV) | 5 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZAMV
OPA191IDBVT.B Active Production SOT-23 (DBV) | 5 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZAMV
OPA191IDGKR Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZANV
OPA191IDGKR.B Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZANV
OPA191IDGKRG4 Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZANV
OPA191IDGKRG4.B Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZANV
OPA191IDGKT Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZANV
OPA191IDGKT.B Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZANV

OPA191IDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA191

OPA191IDR.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA191

OPA191IDRG4 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA191

OPA191IDRG4.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA191
OPA2191ID Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191ID.B Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDGKR Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDGKR.B Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDGKT Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDGKT.B Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDGKTG4 Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDGKTG4.B Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDR.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDRG4 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
(1) %) @3) Ball material Peak reflow (6)
4 (©)]

OPA2191IDRG4.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA4191ID Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 125 OPA4191
OPA41911D.B Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 125 OPA4191
OPA41911DG4 Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 125 OPA4191
OPA41911DG4.B Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 125 OPA4191
OPA4191IDR Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 125 OPA4191
OPA4191IDR.B Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 OPA4191
OPA4191IPWR Active Production TSSOP (PW) | 14 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA4191
OPA4191IPWR.B Active Production TSSOP (PW) | 14 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA4191
OPA4191IPWT Active Production TSSOP (PW) | 14 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 125 OPA4191
OPA4191IPWT.B Active Production TSSOP (PW) | 14 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA4191

OPA4191IRUMR Active Production WQFN (RUM) | 16 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 OPA

4191

OPA4191IRUMR.B Active Production WQFN (RUM) | 16 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 OPA

4191

OPA4191IRUMRG4 Active Production WQFN (RUM) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 OPA

4191

OPA4191IRUMRG4.B Active Production WQFN (RUM) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 OPA

4191

OPA4191IRUMT Active Production WQFN (RUM) | 16 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40to 125 OPA

4191

OPA4191IRUMT.B Active Production WQFN (RUM) | 16 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40to 125 OPA

4191

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, ROHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.
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® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |<— KO 4 P1—p|
oo o olo 000 T
o |eo o | Bo ‘l"
. DiaRriit!er ' '
Cavity +| A0 |+
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O O O 0 0 Sprocket Holes
| |
T T
Q1 : Q2 Q1 : ﬁ
Q3 : Q4 Q3 : User Direction of Feed
— |
Pocket a‘ugdrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
OPA191IDBVR SOT-23 DBV 5 3000 180.0 8.4 3.23 | 317 | 1.37 4.0 8.0 Q3
OPA191IDBVRG4 SOT-23 | DBV 5 3000 180.0 8.4 323 | 317 | 1.37 | 4.0 8.0 Q3
OPA191IDBVT SOT-23 DBV 5 250 180.0 8.4 3.23 | 317 | 1.37 4.0 8.0 Q3
OPA191IDGKR VSSOP DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
OPA191IDGKRG4 VSSOP DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
OPA191IDGKT VSSOP DGK 8 250 177.8 12.4 53 3.4 1.4 8.0 12.0 Q1
OPA191IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA191IDRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA2191IDGKR VSSOP DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
OPA2191IDGKT VSSOP | DGK 8 250 180.0 124 5.3 34 14 8.0 | 12.0 Q1
OPA2191IDGKTG4 VSSOP DGK 8 250 180.0 12.4 5.3 34 1.4 8.0 12.0 Q1
OPA2191IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA2191IDRG4 SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA4191IDR SoIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 | 16.0 Q1
OPA4191IPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
OPA4191IPWT TSSOP PW 14 250 180.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
OPA4191IRUMR WQFN RUM 16 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
OPA4191IRUMRG4 WQFN RUM 16 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
OPA4191IRUMT WQFN RUM 16 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

OPA191IDBVR SOT-23 DBV 5 3000 213.0 191.0 35.0
OPA191IDBVRG4 SOT-23 DBV 5 3000 213.0 191.0 35.0
OPA191IDBVT SOT-23 DBV 5 250 223.0 270.0 35.0
OPA191IDGKR VSSOP DGK 8 2500 346.0 346.0 29.0
OPA191IDGKRG4 VSSOP DGK 8 2500 346.0 346.0 29.0
OPA191IDGKT VSSOP DGK 8 250 213.0 191.0 35.0
OPA191IDR SolIC D 8 2500 353.0 353.0 32.0
OPA191IDRG4 SOIC D 8 2500 353.0 353.0 32.0
OPA2191IDGKR VSSOP DGK 8 2500 353.0 353.0 32.0
OPA2191IDGKT VSSOP DGK 8 250 213.0 191.0 35.0
OPA2191IDGKTG4 VSSOP DGK 8 250 213.0 191.0 35.0
OPA2191IDR SOIC D 8 2500 353.0 353.0 32.0
OPA2191IDRG4 SOIC D 8 2500 353.0 353.0 32.0
OPA4191IDR SoIC D 14 2500 353.0 353.0 32.0
OPA4191IPWR TSSOP PW 14 2000 353.0 353.0 32.0
OPA4191IPWT TSSOP PW 14 250 213.0 191.0 35.0
OPA4191IRUMR WQFN RUM 16 3000 367.0 367.0 35.0
OPA4191IRUMRG4 WQFN RUM 16 3000 367.0 367.0 35.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
OPA4191IRUMT WQFN RUM 16 250 210.0 185.0 35.0
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TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

*
w-Tube| I U U _
> width %%
; v

— B - Alignment groove width

\ 4

*All dimensions are nominal

Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
OPA191ID D SoIC 8 75 506.6 8 3940 4.32
OPA191I1D.B D SoIC 8 75 506.6 8 3940 4.32
OPA2191ID D SoIC 8 75 506.6 8 3940 4.32
OPA2191ID.B D SoIC 8 75 506.6 8 3940 4.32
OPA4191ID D SoIC 14 50 506.6 8 3940 4.32
OPA41911D.B D SoIC 14 50 506.6 8 3940 4.32
OPA4191IDG4 D SoIC 14 50 506.6 8 3940 4.32
OPA4191IDG4.B D SoIC 14 50 506.6 8 3940 4.32
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
TSSOP - 1.2 mm max height

PWOO014A

SMALL OUTLINE PACKAGE

\ 12X
e
-
I 2X
—
I
1 4X (0°-127)
—t a
= |
. :
. 0.30 T
- Mo 12 MAXL
43 [ [01@ [c|A[B] '

NOTE 4

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220202/B 12/2023

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.

(G20 w N
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PWOO014A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

[N
N
X
BelCinE
N
a1
N
J

1]

SYMM

=
1)

L

(5.8) !

LAND PATTERN EXAMPLE

SOLDER MASK
OPENINGWL

/

EXPOSED METAL SHOWN
SCALE: 10X

METAL UNDER
SOLDER MASK\

EXPOSED METALJP

#Lf 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

JL* 0.05 MIN
ALL AROUND
SOLDER MASK

DEFINED
SOLDER MASK DETAILS

(R0.05) TYP
e

SOLDER MASK
OPENING

I
|
J |\ .\J!EXPOSED METAL

4220202/B 12/2023

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
PWO0O014A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

e

14X (1.5) SYMM
i j | T ¢ (R0.05) TYP
0 | | e
|
|
|
.
|
|
|
|
|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220202/B 12/2023

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PIN 1—]
INDEX AREA

4
0.3
\ { 0.15
0.2 [c|AB] NOTE 5 4X0°-15° = @D = =00 "YP
1.45
0.90

GAGE PLANE

f

g’ &/* L \ 1
. TYP 0.6
0 — o3 TYP SEATING PLANE

4214839/K 08/2024

NOTES:

[N

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. Refernce JEDEC MO-178.

. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.25 mm per side.

. Support pin may differ or may not be present.

AOWN

)]
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EXAMPLE BOARD LAYOUT
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

—= BX(11) =

f

5X (0.6)

f
T

2X (0.95)

(R0.05) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\
|
/
EXPOSED METAL— |
J L 0.07 MAX JL 0.07 MIN

EXPOSED METAL

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214839/K 08/2024

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
—= BX(L1) = ¢

1 1l % | |
5
oo
ﬁ [ I
— ‘ L SYMM
[ Tt

‘ |
T
L7(2-5)4’

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

(RO.05) TYP

4214839/K 08/2024

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
DGKOOO8A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

02
| Soacl— -

FPIN 1 INDEX AREA SEATING
‘ PLANE
) 8 6X ,/j\
—] == j T T
—-—] 2% 1l
|
[ ] + ‘ ]
— == |
L ) 5 L 5 0.38 \J/
I N S %0130 [c[ale]
NOTE 4
\f{ ‘\ 0.23
/
- <¥SEE DETAIL A o
1.1 MAX

L 0.15

0.05

DETAIL A
TYPICAL

4214862/A 04/2023

NOTES: PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

5. Reference JEDEC registration MO-187.
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EXAMPLE BOARD LAYOUT
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

Tsx (1.4) j
1

8X (0.45) 1 [ Y J

SEE DETAILS
‘ (4.4)
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING  \ SOLDER MASK‘\ /  OPENING
O |
|
EXPOSED METAL \ * T T——EXPOSED METAL
0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED

(PREFERRED) SOLDER MASK DETAILS

4214862/A 04/2023

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

(R0.05) TYP

+ r 8X (;.4) j

8X (0.45) 1 [ ]

SOLDER PASTE EXAMPLE
SCALE: 15X

4214862/A 04/2023

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
www.ti.com




PACKAGE OUTLINE
SOIC - 1.75 mm max height

DO014A

SMALL OUTLINE INTEGRATED CIRCUIT

e 27vp SEATING PLANE——"
PIN 1 ID 01[Cl~
(- ) 14 e =Y
1] e ‘
— == ]
§ |
| ] il
8.75 8 2X :
8.55
WL — [ )
|
| ] H
— ) ]
il |
7 e |
¥ 8 0.51 T |
14X o
4.0 0.31 L
8] 3.8 |4 [0.2500 [c|AB] —=1.75 MAX

e —

NOTE 4
e |
/i Ny
Ny . T
— 0.25
/\* SEE DETAIL A 0.13 e -
0.25

GAGE PLANE

o"-aa"&—1

_—

DETAIL A
TYPICAL

4220718/A 09/2016

NOTES:

1. All linear dimensions are in millimeters. Dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm, per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.43 mm, per side.

. Reference JEDEC registration MS-012, variation AB.
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EXAMPLE BOARD LAYOUT

DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

14X (1.55) SYMM
11
] [
14X (0.6) ] l::j l::j
e )
12X (1.27) ‘ ‘ MM
¢

-
—

e ey

LAND PATTERN EXAMPLE
SCALE:8X

SOLDER MASK
SOLDER MASK METAL UNDER
OPENING METAL SOLDER MASK‘\ i OPENING

(F N = \
‘ \
| |
— ==
JL 0.07 MAX JL* 0.07 MIN
ALL AROUND ALL AROUND

NON SOLDER MASK
DEFINED

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220718/A 09/2016

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

i
~

SYMM

o

14X (1.55) ﬁ SYMM
i ¢
|
|
|
|
|
!
|
|
|
|
|
|
|

IR0

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:8X

4220718/A 09/2016

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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GENERIC PACKAGE VIEW
RUM 16 WQFN - 0.8 mm max height

4 x 4,0.65 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224843/A
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MECHANICAL DATA

RUM (S—PQFP—N16)

PLASTIC QUAD FLATPACK

Bottom View

10
% REAAA
,90
[8]
12 | 9
!
|
13 8
. 410
3,90
16
Pin 1 Index Area 44///////,
Top and Bottom
v 0,20 Nominal
0,80 Lead Frame
0,70 _ |
f i___ j ﬁ ‘ Seating Plane
0,05
[&]0,08]c] 0,00
Seating Height
1 ‘ 4 ¢
J Uuu
|
0,50
16 D ! C 5 16X ﬁ
) -
411 _ + 1 _ 1
D) -
v
D ]
i [ 16X 0,55
0,25
Exposed Thermal Die Pad / & 8;2% g A‘B‘
@ 0,65

4209092/A 10/2007

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.
This drawing is subject to change without notice.
QFN (Quad Flatpack No-Lead) package configuration.

The package thermal pad must be soldered to the board for thermal and mechanical performance.

See the Product Data Sheet for details regarding the exposed thermal pad dimensions.
E. Package complies to JEDEC MO-220 variation WGGC—3.
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THERMAL PAD MECHANICAL DATA

RUM (S—PWQFN—N16) PLASTIC QUAD FLATPACK NO—-LEAD
THERMAL INFORMATION
This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the
PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).
For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.
The exposed thermal pad dimensions for this package are shown in the following illustration.
PIN 1 INDICATOR
C 0.30
1 4
Exposed Thermal Pad
s [NUUUU 11—
I | A 5
T B -
2,70+0,10 = — — g
> d
l P | - 8
13
A NN N
12 9
[+ 2,70%£0,10 —¥
Bottom View
Exposed Thermal Pad Dimensions
4209093-2/F 09/15
NOTES: All linear dimensions are in millimeters
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